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[57] ABSTRACT

Disclosed 1s a resin composition comprising a copoly-
mer [I] having a number average molecular weight of at
least 15,000, which comprises at least 30 mole % of the
following recurring units [A]:

4+CF~—CF+ (A]

6. o
N\ _/
. C

/7 \

CF; CF3

and a compound [II] having a number average molecu-
lar weight of at least 1,000, which is comprised of per-
fluoroalkylether recurring units {D]. This resin compo-
sition 1s used as a cladding of a core-clad optical fiber.

3 Claims, No Drawings
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1
FLUORINE RESIN COMPOSITION

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present invention relates to a fluorine resin com-
position having a high light transmission and excellent
heat resistance and solvent resistance, which is suitable
as a material for making an optical fiber, an optical lens
and a film.

(2) Description of the Related Art

A fluorine polymer generally has an excellent heat
resistance, solvent resistance and water resistance, and
polytetrafluoroethylene and polyvinylidene fluoride are

provided as industrial products and are utilized in vari-
ous fields. |
Nevertheless, these heretofore developed fluorine
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polymers are crystalline and the light transmission 1s

poor, and therefore, it is difficult to use these polymers
as optical materials for which a high light transmission
1s required.

A perfluoroalkyl methacrylate polymer is known as a
fluorine polymer having an excellent light transmission,
and although this polymer is used as an optical fiber
cladding, since the heat resistance and solvent resis-
tance of this polymer are poor, this polymer 1s not suit-
able as a material having an excellent environmental
resistance.

Japanese Unexamined Patent Publication No.
63-18964 discloses an amorphous copolymer compris-
ing the following units [A] and [C]:

T -
O O
N\ /
C
/" \
CF; Ck;
and
—CFy—CF2— (C]

and it is taught that this amorphous copolymer has a
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high light transmission and an excellent heat resistance 45

and solvent resistance.

U.S. Pat. No. 4,754,009 discloses a copolymer of
perfluoro-2,2-dimethyl-1,3-dioxole represented by for-
mula [A] with other polymerizable fluorine-containing
monomer {B], and it is taught that the glass transition
temperature of the copolymer is not lower than 140° C,,
and therefore, it is considered that the copolymer has an
excellent heat resistance.

Nevertheless, in this copolymer of perfluoro-2,2-
dimethyl-1,3-dioxole [A] with other copolymerizable
monomer [B], if the copolymerization amount of units
A] is smaller than 30 mole %, the glass transition tem-
perature of the copolymer is lowered and the heat resis-
tance becomes poor, and simultaneously, a partial crys-
tallinity is manifested and the light transmission 1s low-
ered.

In the copolymer in which the copolymerization
amount of units [A] is larger than 40 mole %, the glass
transition temperature is high, and the copolymer is
amorphous and has a good light transmission, but since
the copolymer has a rigid structure, a film prepared

from this copolymer has a low elongation at break and
is readily broken.
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2

A copolymer composed of 89 mole % ot pertfluoro-
2,2-dimethyl-1,3-dioxole units [A] and 11 mole % of
tetrafluoroethylene units [C] has a high heat resistance
represented by a glass transition temperature of 250° C,,
but the elongation at break of the film is as low as 4.3%.

In Japanese Unexamined Patent Publication No.

63-18964, it is taught that the glass transition tempera-

ture of a copolymer composed of 56.9 mole % of units
[A] and 43.1 mole % of tetrafluoroethylene units [C] is
119° C., but the elongation at break of a film obtained
from this copolymer is as low as 4.4%, and that the glass
transition temperature of a copolymer composed of 36.6
mole % of units [A] and 63.4 mole % of tetrafluoroeth-
ylene units [C] is 90° C. and the elongation at break of a
film prepared from this copolymer 1s as low as 4.1%. On
the other hand, the glass transition temperature of a
copolymer composed of 22.1 mole % of units [A] and
77.9 mole % of tetrafluoroethylene units [C] 1s 73" C,,
but the elongation at break of a film prepared from this
copolymer is as high as 58.2%. Further, the heat resis-
tance of the film is not satisfactory.

A copolymer comprising at least 30 mole % of per-
fluoro-2,2-dimethyl-1,3-dioxole units [A] 1s an amor-
phous polymer having a good light transmission and a
high heat resistance, but the elongation at break of a
film prepared from this copolymer is as low as 7% or
lower, and therefore, the handling property of this co-
polymer is poor and it is difficult to use this copolymer
as a film, an optical material or an optical fiber cladding.

SUMMARY OF THE INVENTION

In view of the foregoing, a primary object of the
present invention is to provide a perfluoro-2,2-dimeth-
yl-1,3-dioxole copolymer composition, which 1s amor-
phous, has a high heat resistance and a high light trans-
mission, and is capable of giving a film having a high
elongation at break.

More specifically, in accordance with the present
invention, there is provided a resin composition com-
prising a copolymer {I] having a number average molec-
ular weight of at least 15,000, preferably at least 20.000,
which comprises at least 30 mole % of the following
recurring units [A]:

+CF—CF+ [A]

b o
N /S
C

7\

CF; CF3

and a compound [II] having a number average molecu-
lar weight of at least 1,000, which is comprised of per-
fluoroalkylether recurring units [D].

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The copolymer comprising recurring units [A] must
be an amorphous polymer having a relatively high glass
transition temperature and a high ‘light transmission,
and to satisfy this requirement, the content of recurring
units [A] in the copolymer must be at least 30 mole %,
preferably 40 mole % to 90 mole %. The comonomer to
be copolymerized with recurring units [A] is not partic-
ularly critical, but when a fluorine-containing monomer
is used as the comonomer {B], the resulting polymer has
a low refractive index and a high water resistance, sol-
vent resistance, and flame retardancy. As specific exam-
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ples of the comonomer [B], there can be mentioned
tetrafluoroethylene, chlorotrifluoroethylene, vinyh-
dene fluoride, hexafluoropropylene, trifluoroethylene,
perfluoro(alkyl vinyl ether), fluorovinyl ether, vinyl
fluoride and (perfluoroalkyl)ethylene.

The number average molecular weight of the fluorine
copolymer [I] must be at least 15,000. The copolymer
[I] having a number average molecular weight of at
least 30,000 has an excellent shapability, a high heat
resistance and a good light transmission, and a shaped
article having excellent chemical properties and me-
chanical properties can be prepared from this copoly-
mer. |
The compound [II] comprising recurring units [B],
and used in the present invention is an amorphous com-
pound, and the number average molecular weight of
this compound must be at least 1,000. A compound [II]
having a number average molecular weight lower than

1,000 has a poor compatibility with the copolymer com-

prising recurring units [A], and a shaped article from a
resin composition comprising this compound [II} hav-
ing too low a number average molecular weight has a
problem in that bleeding of the compound [1I} to the
surface of the shaped article occurs with a lapse of time.

As examples of the recurring units [D], which are
perfluorpalkylether, there can be mentioned —CF,C-
FrO—,

—CFCF2Q=, = CF>CF>CF70= and —CFCF;CEFyO=,

| |
CF; CF;

If the polymer [I]/compound [II] mixing ratio is from
99.9/0.1 to 50/50, preferably 99.5/0.5 to 60/40, a film
having an elongation at break of at least 20% can be
prepared, and the handling property of a shaped article
prepared from this polymer composition can be greatly
improved. .

The resin composition of the present invention 1s a
mixture of a fluorine copolymer and a fluorine com-
pound, which have a very high compatibility therebe-
tween, and the resin composition is characterized in that
a shaped article having a high heat resistance, chemical
resistance, a high light transmission and a high elonga-
tion, i.e., a high toughness, can be obtained.

Especially, the resin composition 1s characterized in
that the refractive index of the copolymer [I] containing
recurring units [A] is from 1.29 to 1.34 and the refrac-
tive index of the compound [II] comprising recurring
units [D} is from 1.29 to 1.31, and that the refractive
index of the resin composition of the present invention
1s from 1.29 to 1.34. Accordingly, the resin composition

of the present invention is suitable for the formation of

a cladding of an optical fiber and a wave guide.

As the material constituting the core of the optical
fiber to be prepared by using the resin composition of
the present invention as the cladding, there can be men-
tioned polymethyl methacrylate, quartz, multi-compo-
nent glass, polystyrene, polycarbonate, poly-4-methyl-
pentene-1, a fluorinated alkyl methacrylate polymer, a
fluorinated alkyl acrylate polymer, a fluorinated alkyl
a-fluoroacrylate polymer, a fluorinated styrene poly-
mer, fluorinated polycarbonate and deuterated poly-
methyl methacrylate. If a material as mentioned above
is clad with the resin composition, a bright optical fiber
having a large numerical aperture can be provided.

The resin composition of the present invention can be
shaped by the coating method, the melt extrusion
method or the like and can be utilized in various fields

10

4

as a coating material, a film, a sheet, a weather-resistant
film, a lens, a gas-separating membrane, a gas-concen-

trating membrane, and the like.

The present invention will now be described in detail
with reference to the following examples, that by no
means limit the scope of the invention.

EXAMPLE 1

A copolymer [I] composed of 73 mole % of per-
fluorodimethyl-1,3-dioxole units and 27 mole % of tet-
rafluoroethylene units and having a refractive index of
1.304, had an intrinsic viscosity [n] of 0.33 as measured

- at 25° C. by using perfluoro(2-butyltetrahydrofuran), a
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number average molecular weight of 57,700, and a glass
transition temperature of 202° C.

Then, 90 parts by weight of a powder composed of
this copolymer and 10 parts by weight of a polyper-
fluoropropyl ether [II] (Demnum S-200 supplied by
Daikin  Industries, compound represented Dby
F—CF-CF>CF,O0—,CF,CF;; refractive index=1.293:
number average molecular weight=8,400) were mixed
together under heating at 150° C. in a mixer provided
with high-speed stirring blades, to obtain a homogene-
ous resin composition having a refractive index of
1.3081.

When the resin composition was allowed to stand 1n
air at 250° C. for 2 hours, the weight loss was only 0.7%
by weight, i.e., the volatile loss was very small. A press
film obtained by heating the composition at 250" C. was
transparent, and the tensile strength, modulus of elastic-
ity and elongation at break of this film, were 300
kg/cm?2, 7,200 kg/cm?, and 50%, respectively, and thus
it was found that the obtained film had a good tough-
ness. The glass transition temperature was 162° C.

COMPARATIVE EXAMPLE 1

A film was prepared in the same manner as described
in Example 1 except that Demnum §-200 was not
added. The tensile strength, the modulus of elasticity,

and the elongation at break of the obtained film, were
359 kg/cm?, 7,620 kg/cm?, and 4.1%, respectively.

EXAMPLE 2

A resin composition having a refractive index of
1.3122 was prepared in the same manner as described in
Example 1 except that the copolymer [I]/compound
[I1] weight ratio was changed to 67/33. A film prepared
from this resin composition in the same manner as de-
scribed in Example 1 had a tenstle strength of 220
kg/cm2, a modulus of elasticity of 5,500 kg/cm?, an
elongation at break of 70%, and a glass transition tem-
perature of 103° C. The nitrogen and oxygen perme-
ation coefficients of the film prepared from this resin
composition were 7.5x10—8.cm’.cm/cm-.sec cmHg
and 3.0 10—8.cm3.cm/cm?.sec cmHg, respectively.

EXAMPLE 3

A copolymer [I] comprising 60 mole % of perfluoro-
2,2-dimethyl-1,3-dioxole units and 40 mole % of tetra-
fluoroethylene units and having an intrinsic viscosity
[n] of 0.47, a number average molecular weight of
104,000, a refractive index of 1.308, and a glass transi-
tion temperature of 145° C. was prepared.

Then, 90 parts by weight of a powder of this copoly-
mer [I] and 10 parts by weight of compound [II] (Dem-
num S-200 supplied by Daikin Industries, the same poly-
perfluoroalkylether {II} as used in Example 1) were



- 5,048,924

S

mixed together under heating at 100° C. in a mixer
provided with high-speed stirring blades in the same
manner as described in Example 1, to obtain a homoge-
neous resin composition having a refractive index of
1.3124. |

When the resin composition was allowed to stand 1n
air at 250° C. for 2 hours, the weight loss was 0.7% by
weight, and it was confirmed that the volatile compo-
nent was low. A press film obtained by heating this resin
composition at 210° C. was transparent, and had an
elongation at break of 64% and a glass transition tem-
perature of 111° C.

Core-sheath conjugate melt spinning was carried out
at 210° C. by using the obtained resin composition as the
sheath and polymethyl methacrylate as the core, to
obtain an optical fiber having a core diameter of 980 um
and a sheath thickness of 5 um. The attenuation of the

obtained optical fiber was 135 dB/km (650 nm). Even

when the optical fiber was wound around a rod having
a diameter of 10 mm, no cracks were observed on the
surface of the sheath, peeling did not occur at the inter-
face between the core and sheath, and it was confirmed
that the optical fiber had excellent mechanical proper-
ties. -
The refractive index of the polymethyl methacrylate
used as the core was 1.49. The numerical aperture of the
obtained optical fiber was 0.71, which was much larger
than 0.5. i.e., the numerical aperture of the conventional
wholly plastic optical fiber.

COMPARATIVE EXAMPLE 2

A press film prepared in the same manner as de-
scribed in Example 3, except that Demnum S-200 was
not added, had an elongation at break of 4.49%. An
optical fiber was prepared by using the resin composi-
tion of this example in the same manner as described in
Example 3. The attenuation of the optical fiber was 135
dB/km (650 nm) and the attenuation characteristics
were good. When the optical fiber was wound around a
rod having a diameter of 10 mm, however, fine cracks
were observed on the surface of the sheath, and it was
confirmed that the mechanical properties of the ob-
tained optical fiber were poor.

EXAMPLE 4

A homogeneous resin composition having a refrac-
tive index of 1.3126 was prepared by mixing 90 parts by
weight of the same copolymer [I] as used in Example 3
and 10 parts by weight of a poly-perfluoroiso-
propylether represented by the formula of

F-4CF—CF—0%: CF,CF3

|
CF;3

(Krytox 143AD supplied by Du Pont Japan Limited;
number average molecular weight=28,250; refractive
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6

index=1.301). A film prepared from this resin composi-
tion in the same manner as described in Example 1 had
an elongation at break of 68% and a glass transition
temperature of 102° C.

Core-sheath conjugate spinning was carried out at
250° C. by using this resin composition as the sheath and
a polycarbonate having a viscosity average molecular
weight of 19,000 and a refractive index of 1.585 as the
core, to obtain an optical fiber having a core diameter of
980 um and a sheath thickness of 10 um. The attenua-
tion of the obtained optical fiber was 700 dB/km (650
nm) and it was confirmed that the attenuation charac-
teristics of the optical fiber were good. Even when the
optical fiber was wound around a rod having a diameter
of 10 mm, no cracks were observed on the surface of the
sheath and peeling did not occur at the interface be-
tween the core and sheath, and thus it was confirmed
that the optical fiber had excellent strength characteris-
tics.

We claim:

1. An optical fiber cladding composed of a resin com-
position comprising a copolymer [I] having a number
average molecular weight of at least 15,000, which

comprises at least 30 mole % of the following recurring
units [Al:

'HIDF—(lfF-]-
0 O
N/

C

/" '\
CEF;

CF;

and a compound [II] having a number average molecu-
lar weight of at least 1,000, which i1s comprised of per-
fluoroalkylether recurring units [D].

2. An optical fiber cladding as set forth in claim 1,
wherein the refractive index of the resin composition 1s
from 1.29 to 1.34.

3. A core-clad optical fiber comprising a cladding
composed of a resin composition comprising a com-
pound [I] having a number average molecular weight of
at least 15,000, which comprises at least 409% of the
following recurring units [A}:

+CF—CF+ [A]

o
N/
C

/7 \

CF; CF3

and a compound [II] having a number average molecu-
lar weight of at least 1,000, which i1s comprised of per-

fluoroalkylether recurring units [D].
* ¥ * x o
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